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This study was conducted to evaluate the feasibility of obtaining 
workable quantities of the unusual ether-linked phosphatidyl glycero-
phosphate of halophilic bacteria through batch culture of Halobacterium 
halobium. Once isolated and purified, physical, emulsification, and 
toxicological properties of the lipid were evaluated with respect to 
its use as a nonnutritive lipid substitute or an emulsifier by the food 
industry. These evaluations included physical descriptions, melting 
properties, hydrophile-lipophile balance (HLB) determination, and oral 
and intraperitoneal administration of the lipid to laboratory mice. 
(67 pages) 
INTRODUCTION 
2,3-di-0-(3' ,7' ,11' ,15'-tetramethyl hexadecyl)-glyceryl-
phosphoryl- (1", (3")-glyceryl-3", (I ")-phosphate) is a major component 
of the polar lipids within the envelope of extremely halophilic 












Of particular interest are the ether-linked, long chain alkyl groups 
rather than ester-linked fatty acids and the L configuration of these 
bonds. The alkyl portion of the molecule is very stable and soluble 
in nonpolar solvents. The other portion containing the phosphates is 
highly polar and hydrophilic. 
These properties lend interesting possibilities for useful applica-
tions within the food industry. Ether-linked alkyl groups are much more 
stable over a wider pH range than ester-linked fatty acids and less 
susceptible to enzymatic hydrolysis. The L configuration of these 
groups lends further stability to the molecule since all known animal 
and bacterial phospholipases are specific for D isomers of phosphatides. 
Also enhancing stability is the fact that these groups are fully 
2 
saturated and thus protected from free radical oxidation. With all of 
these considerations, it may well be possible that upon consumption, 
this lipid would resist digestive hydrolysis leaving the intact molecule 
too large to be absorbed. Development of a nonnutritive lipid substi-
tute capable of lending desirable lipid properties to foods and yet 
contributing little or nothing to caloric uptake, could have a major 
impact upon the food industry. Additional uses and applications may 
reside in the apparent emulsifier properties of this lipid. 
The purpose of this study was to conduct an initial evaluation 
of physical and toxicological proper ties of the lipid which could 
warrant deeper pursuit of its development as a food additive. The 
objectives were to: 1) extract and purify the lipid from batch 
cultures of the extreme halophile, Halobacterium halobium NRC 34003; 
2) examine its melting properties; 3) determine its hydrophile-
lipophile balance (HBL) for use as an emulsifier; and 4) evaluate its 
toxicity through administration to laboratory animals. 
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REVIEW OF THE LITERATURE 
Halophilic Bacteria 
General 
Extremely halophilic bacteria are members of a unique group of 
highly unusual organisms now classified under the family Halobacteri-
aceae (Bergey's Manual, 8th Edition, 1974) . This group is divided into 
two characteristic types: 1) the rod-shaped members of the genus 
Halobacterium (which were at one time assigned to the family 
Pseudomonadaceae); and 2) the cocci belonging to the genus Halococcus, 
earlier known as the "Sarcina-Micrococcus group" under the family 
Micrococcaceae (Bergey's Manual, 7th Edition, 1957). 
Larsen (1962, 1967, and 1973), Kushner (1968), and Kates (1972) 
have reviewed the literature pertaining to halophilic bacteria and 
have characterized some of the major properties of this group. These 
organisms require high concentrations (2M) of sodium chloride for 
growth and survival. Salt concentrations within the cell are just as 
high as those in the environment. Their cell envelopes do not contain 
diaminopimelic acid or muramic acid but are largely lipoprotein (the 
proteins being more acidic than those of other Gram-negative organisms). 
Most have a characteristic red or pink color which is attributed to the 
presence of red, orange, or pink carotenoid pigments, bacterioruberin 
being the most abundant. Of particular interest are the unique lipids 
of these bacteria which will be discussed in greater detail in a 
following section. 
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Bergey's Manual, 8th Edition (1974) characterizes members of this 
family as chemoorganotrophs which are strictly aerobic. This is based 
on the assumption that none metabolize sugars anaerobically and that 
their only source of energy is oxidative phosphorylation. However, 
Tomlinson and Hochstein (1973) have reported isolations of carbohydrate-
metabolizing extremely halophilic bacteria. In their report, they 
criticized earlier basing of carbohydrate metabolism solely on gas 
production determinations and suggested measurements of acid formation 
and sugar disappearance be used as a more reliable index of carbohydrate 
metabolism. In this type of study, they have isolated four previously 
unrecognized strains of extreme halophiles which utilize carbohydrates. 
Furthermore, recent work of the Stoeckenius group (Stoeckenius, 1976) on 
bacteriorhodopsin from these organisms suggests a new photosynthetic 
mechanism whereby these bacteria, which lack chlorophyll, can capture 
and convert light energy for utilization in ATP synthesis or in driving 
other metabolic processes. 
Members of the genus Halobacterium are non-spore-forming, Gram-
negative rods which, if motile, possess polar flagella. They range in 
size from 0.6 - 1.0 um by 1 - 6 um and occur singly (Bergey's Manual, 
8th Edition, 1974). In sodium chloride solutions of 3.5 Mor greater, 
most cells are rod-shaped. As the salt concentration decreases, cell 
shapes become pleomorphic until they appear spherical at concentrations 
of 1.5 M. Further reduction of salt concentration results in lysis of 
the cells. The reader is referred to Larsen (1973) for discussion of 
this phenomenon. 
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The halococci are Gram-negative to Gram-variable spheres which 
range from 0.6 - 1.5 um in diameter. They may occur singly, in pairs, 
in tetrads, or in irregular clusters. These cells retain their shape 
in lower salt concentrations and seem more resistant to osmotic damage 
than the bacilli. 
Extremely halophilic bacteria occur in nature wherever salt 
concentrations are sufficient to permit growth. Anderson (1954), 
Flannery (1956), and Ingram (1957) have reported on extreme halophiles 
as agents of spoilage in fish, bacon, and hides which were preserved 
in salt. 
Most notably, these organisms are found in salt lakes and in pools 
and flats along the seashore where evaporation has concentrated the 
sea water. Several strains have been isolated from the Dead Sea as 
reviewed by Larsen (1962). Crane (1974) studied isolates from the 
northern basin of the Great Salt Lake and reviewed other surveys on 
the microbial flora of the lake. Post (1975 and 1977) and Stube (1976) 
have also recently reported on the biology of the northern arm of the 
lake. 
Culture and growth 
Extremely halophilic bacteria grow slowly, having mean generation 
times of 7 - 15 hours and optimal growth temperatures of 37 C or higher 
(Kushner, 1968). Their nutritional requirements are quite complex in 
that they preferentially utilize proteins and amino acids as carbon 
sources. Stube (1976) studied nitrogen cycling in the northern arm 
of the Great Salt Lake using microcosms and found that nitrate, ammonia, 
and urea had no direct stimulatory effect on the halophilic bacteria. 
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They were, however, indirectly stimulated through stimulation of an 
associated algal population. Glutamic acid was the only nitrogen source 
studied which directly stimulated bacterial growth. 
Early attempts to cultivate halophiles were most successful when 
complex media containing protein digests were utilized. Katznelson 
and Lockhead (1952) were some of the earlier researchers to study the 
growth requirements of halophilic bacteria. Their medium consisted of 
vitamin-free casamino acids, cystine and tryptophan with the appropriate 
salts. Sreenivansan and Venkataraman (1956) developed a complex medium 
which replaced the casamino acids, cystine, and tryptophan with proteose-
peptone and yeast extract. 
Gibbons (1957) tested biochemical properties of 49 strains of 
extremely halophilic bacteria in varying concentrations of salt. He 
utilized a basal medium made up of casamino acids, yeast extract, 
1-glutamic acid, trisodium citrate, potassium chloride, magnesium 
sulfate heptahydrate, and sodium chloride. Sehgal and Gibbons (1960) 
used this basal medium (minus the L-glutamic acid) to study the effect 
of certain metal ions on the growth of some halophiles. They found 
that Halobacterium cutirubrum, Halobacterium salinarium, and 
Halobacterium halobium required at least 10 ppm ferrous ions for 
maximal growth in aerated cultuTes and that H. cutirubrum was stimu-
lated by 0.05 ppm manganous ion but not affected by devalent zinc or 
calcium. 
Dundas et al. (1963), wanting to find a more generally useful 
medium which would allow sufficient growth without the addition of any 
chemically undefined components, developed a synthetic medium for H. 
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salinarium. The medium contained necessary inorganic salts, ten amino 
acids (of which valine, methionine, isoleucine , and leucine were found 
to be essential), and cytidylic acid. It was found that the growth 
rates in this medium were not as great as those in more complex medium, 
but that the medium allowed growth of several halophilic organ i sms with 
the exception of the halococci. 
A chemically defined synthet i c medium which supported a ll strains 
of halobacteria and halococci tested, and produced growth rates compa-
rable to those of more complex media in several species was developed 
by Onishi et al. (1965). It consisted of 15 amino acids, adenylic and 
uridylic acids, glycerol, asparagine or ammonium chloride, and required 
inorganic salts. Four amino acids (arginine, leucine, lysine, and 
valine) were found to be essential to H. cutirubrum with the others 
being stimulatory. 
Gochnauer and Kushner (1969) conducted further studies on the 
growth and nutrition of extreme halophiles and found that low potassium 
ion concentrations were probably responsible for limitations of growth 
in the medium developed by Onishi et al. (1965) and others. They also 
found that when sufficient amounts of potassium were added, vitamins 
and carbohydrates subsequently had stimulatory effects on growth. 
Later studies were undertaken by Gochnauer et al. (1972) to deter-
mine the nutritional effects on pigment and isoprenoid compound produc-
tion in extreme halophiles. They found that the potassium containing 
basal salt medium (BSMK) of Gochnauer and Kushner (1969) produced 
greater pigmentation (bacterioruberins) than complex media; addition of 
1.0 percent glycerol to both media stimulated growth but decreased 
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pigment formation; addition of glucose stimulated pigment formation in 
both media; and glucose stimulated growth in BSMK but not in complex 
media. They also found that exposure to visible light did not affect 
growth or pigmentation. 
There is little in the literature concerning mass or batch 
culture of halophilic bacteria. In most studies, researchers have used 
quantities of up to four liters of culture medium. However, Joo et al. 
(1968), working with the lipids of halophilic bacteria utilized batch 
cultures grown in 110 liter fermenter using the medium of Sehgal and 
Gibbons (1960). The organisms were cultured at 36°C and harvested 
after three days. Tornabene et al. (1969) have also used cultures of 
H. cutirubrum grown in a 110 liter fermenter under similar conditions. 
Lipids of halophilic bacteria 
In 1962, Sehgal et al. (1962) published some of the first studies 
conducted on the lipids of H. cutirubrum. They estimated that the total 
lipids made up about 2 percent of the cell salt-free dry weight. Later 
studies by Kates et al. (1965a) and Joo et al. (1968) changes this 
estimate to 2.5 - 4 percent. 
Sehgal et al. (1962) separated the lipid fraction into two groups 
using precipitation with cold acetone. An acetone-insoluble precipitate 
of polar lipids accounted for about 93 percent of the lipid fraction and 
an acetone-soluble group of neutral lipids accounted for the remainder. 
Of interest was the low nitrogen content in both lipid fractions 
indicating the presence of only traces of nitrogenous lipids--a sharp 
contrast to nonhalophilic bacteria which contain major amounts of 
nitrogenous phosphatides (Kates, 1964). It was also noted that no 
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fatty acids or water soluble phosphate esters were released after mild 
alkaline hydrolysis and that only traces of fatty acids and long-chain 
aldehydes were detectable after more drastic hydrolytic procedures. It 
was evident that the lipids of this organism were highly unusual and 
quite distinct from those in other forms of life. 
In comparative studies on the lipids of extreme, moderate, and 
nonhalophiles, Kates et al. (1966) separated total lipid preparations 
using paper chromatography. A major component in all extreme halophiles 
was the diether analog of phosphatidyl glycerophosphate which accounted 
for more than 60 percent of the weight of polar lipids. This is the 
lipid of major interest in the present study and a detailed review of 
its elucidation and characterization will be presented in the following 
section. A summary of other lipids identified will be presented first. 
The second most abundant component was a nonphosphatide which gave 
a positive sugar test and could be labeled with 35S. Kates et al. 
(1967a) postulated two possible structures and later Hancock and Kates 
(1972) and Kates and Deroo (1973) identified its structure as being 
(S04 --3'-Gal-(l'--6')-Man-(l'--2')-Glu-(l'--l)) 2,3-di-O-phytanyl-sn-
glycerol. This component accounted for 35 percent by weight of the 
polar lipids. 
Two minor components were identified as polar lipids. Faure et al. 
(1964 cited in Kates, 1972) and Kates et al. (1966) identified a phos-
phatide which was the diphytanyl ether analog of phosphatidyl glycerol. 
35 Another minor acidic phosphatide appeared to pick up traces of S label. 
This was identified as 2,3-di-O-phytanyl-sn-glycerophosphoryl-sn-3'-
glycero-l'-sulfate by Hancock and Kates (1973). 
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Of the neutral lipids, about 40 - 45 percent is the carotenoid, 
bacterioruberin, which was first isolated from H. halobium and named 
by Petter (1931, as cited by Baxter, 1960). Baxter (1960) and Liiaen-
Jenson (1960a and 1960b) conducted comparative studies of bacterio-
ruberins and proposed a structure for this component. The structure 
was revised by Norgard et al. (1970) upon further examination of the 
compound using silyation, dehydration, NMR, and mass spectra studies. 
This established its structure as a c
50
-tetraol. Also found were 
three other minor c50-carotenoids to which monoanhydride bacterio-
ruberin structures were assigned. 
Tornabene et al. (1969) studied the nonpolar lipids of!:!_. 
cutirubrum apart from the carotenoid pigments. They identified three 
isoprenoid squalenes--squalene, dehydrosqualene, and tetrahydro-
squalene. Also isolated was a vitamin K-type quinone identified as 
menaquinone-8 (MK-8). These results, however, did not determine exact 
positions of double bonds. 
The complete structure of the squalenes was established by 
Kramer et al. (1972). Squalene was shown to be identical to authentic 
all trans-squalene from shark liver. The structure of dihydrosqualene 
was established as 2,6,10,15,19,23-hexamethyl-all-trans-2,6,10,14,18-
tetracosapentaene and tetrahydrosqualene as 2,6,10,15,19,23-hexamethyl-
all-trans-6,10,14,18-tetracosatetraene. Together, these account for 
50-55 percent of the neutral lipids. 
Further studies of neutral lipids of H. cutirubrum were carried 
out by Kushwaha et al. (1972) in which other minor components were 




cis- and trans-phytofluenes, nee-a-carotene, B-carotene, and neo-B-
carotene. Later, Kushwaha and Kates (1973) added lycopene, lycopersene, 
and retinal to the list. The protein bacteriorhodopsin was also 
reported in this study. 
In order to correlate lipid composition of other halophiles, 
Kushwaha et al. (1974) surveyed 10 strains of extreme halophiles and 





as well as retinal and other isoprenoid compounds were quantitated. 
The Diether Analog of Phosphatidyl Glycerophosphate 
Characteristics 
In their early studies of lipids from!:!_. cutirubrum, Sehgal et al. 
(1962) noted that a major share of the phosphatide fraction (73 percent) 
consisted of a single component which they believed to be a long-chain 
ether analog of diposphatidyl glycerol. A cardiolipin type structure 
was suggested. 
In the following year, Kates et al. (1963a) reported preliminary 
data on degradative, infrared, spectroscopic, and gas liquid chromato-
graphic studies on this major phosphatide. The IR results showed the 
alkyl groups of the lipid to be dihydrophytol. 
Faure et al. (1963, ad cited by Kates, 1972) independently arrived 
at a phosphatidyl glycerophosphate structure. However, from titration 
results of ionizable acid groups (to be discussed later), they concluded 
that the bacterial phosphate consisted of two molecules of phosphatidyl 
glycerophosphate joined by a pyrophosphate bond between the terminal 
phosphate groups. 
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Final confirmation of the lipid's structure came in 1965 when 
Kates et al. (1965a) published analytical and degradative data showing 
the lipid to be 2,3-di-0-(3' ,7' ,ll' ,15'-tetrarnethylhexadecyl)-
glyceryl-l-phosphoryl- (l" (3")-glyceryl-3" (I ")-phosphate). These workers 
also outlined procedures for isolation and purification of the lipid 
and methods for synthesis of reference compounds. 
Polarimetric work in the previous studies (Kates et al., 1965a) -
indicated the diether was dextrorotatory having a specific rotation of 
+7.8°. Kates et al. (1963b) noted that D-a,S-dialkyl glycerol ethers 
were known to be levoratatory. Hence, the natural diether was con-
sidered to be in the L form. Kates et al. (1965b) then undertook 
studies to confirm the proposed L configuration of the alkyl ethers 
about the glycerol moiety. By comparison of the natural lipid with 
synthesized D- and L-stereoisomers, this was accomplished and confirm-
ation was made. 
Kates et al. (1966) undertook a survey of the lipids of seven 
other extreme halophiles, four moderate halophiles, and two nonhalo-
philes. Their results showed the glycerol diether present in all 
extremely halophilic bacteria examined and absent in the moderate and 
nonhalophiles tested. 
Kates et al. (1967b) then set out to determine the absolute 
stereochemical configuration of the asymetric carbons (3, 7, 11, and 
15) on both of the phytanyl chains of the molecule. Their findings 
established the absolute configuration as (3R,7R,11R,15R)-15-tetra-
methyl hexadecyl for both groups. It was noted that the R configuration 
of carbon atoms 3, 7, and 11 in the bacterial phytanyl chains is the same 
as that for the corresponding assymetric centers in a-tocopherol, and 
that C-7 and C-11 have the same configuration as the corresponding 
assymetric centers in the phytyl chain of chlorophyll and vitamin K. 
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Joo et al. (1968), while repeating some of the previous work and 
further confirming the configuration of the assymetric phytanyl carbons, 
found small amounts of glycerol monoethers which were a mixture of a-
and B-isomers of monophytanyl glycerol ether. Of particular interest 
was the finding that the a-isomer had the 3-sn-glycerol (or L) con-
figuration, which is opposite that of a-alkyl glycerol in higher 
organisms. Having the same configuration as the diphytanyl ether 
suggested that the monoether may be a biogenetic precursor of the 
diether. 
The final question concerning configuration of the molecule was 
that involving the glycerophosphate or glycerol moiety (connected to 
the terminal phosphate). Joo and Kates (1968 and 1969) chemically 
synthesized diastereomers of the diphytanyl glycerol ether analogs of 
phosphatidyl glycerophosphate and phosphatidyl glycerol and compared 
them with the natural isomer isolated from H. cutirubrum. Their results 
showed the natural form to be 2,3-di-0-(3'R,7'R,ll'R,15'R-tetramethyl-
hexadecyl)-sn-glycerol-l-phosphoryl-3"-sn-glycero'l"-phosphate. 
With the elucidation of the correct lipid structure, Kates and 
Hancock (1971) focused attention to one unsolved question. Earlier 
titrations of the lipid's ionizable acid groups to a phenolphthalein 
end point invariably led to a cation to P atomic ratio of 1:1 (Kates 
et al., 1963a and 1965a and Joo and Kates, 1968), meaning that only 
one ionizable acid group per atom of P could be accounted for in these 
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titrations. It was on this basis that Faure et al. (1963, as cited by 
Kates, 1972) chose the pyrophosphate model. Potentiometric titration 
(Kates et al., 1965a) did however, reveal the presence of two strongly 
ionized acid groups (each with apparent pK's of 3.25) and one weakly 
acid group with an apparent pK 7.5- 8 . 0. By selective esterification of 
methyl groups to the various ionizable acid groups of the phosphates, 
Kates and Hancock (1971) confirmed the above determinations. 
The role of this unique lipid within the envelopes of these 
bacteria was still uncertain--particularly the question of its contri-
bution to the stability of the membrane under such high salt concentra-
tions. Kushner and Onishi (1966) conducted studies on deproteinated 
and delipidated envelopes from~- cutirubrum and concluded that the high 
salt requirement was due to mutual repulsion between negatively charged 
groups on proteins rather than those of the negative phosphates on the 
lipids. Phosphate groups seemed to serve as sites which bind divalent 
++ cations such as Mg In addition, Chen et al. (1974) pointed out that 
proteins probably interact hydrophobically with the phytanyl chains, as 
well as hydrophilically with the polar head groups of the lipids giving 
further integrity to the membrane. 
Spin label studies on envelopes and lipid vesicles by Esser and 
Lanyi (1973) and Lanyi (1974) indicated that the fluid lipid chains are 
immobilized by interaction with membrane proteins. A clearer picture of 
the membrane protein-lipid complex has come from ultrastructural studies 
of Kirk and Ginzburg (1972) utilizing freeze-fracture techniques and 
from X-ray diffraction studies on the purple membrane of H. halobium 
by Henderson (1975) and Blaurock (1975). 
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Occurrence in nature 
Kushner (1968) discussed the taxonomic importance of these unusual 
lipids and cited instances where the detection of their presence aided 
in assigning certain strains to extreme or moderate halophile classi-
fications. Bergey's Manual 8th Edition (1974) considers presence of 
these lipids as partial criterion for classification under the family 
Halobacteriaceae. However, other studies are beginning to imply a 
somewhat broader oqcurrence of these and similar lipids in nature. 
Mullakhanbhai and Francis (1972) have reported isolating a 
moderate halophile from sediment of the Dead Sea which has a lipid 
content similar to that of extreme halophiles. Quantitative differences 
exist but the phosphate esters of 1,2-di-O-(dihydrophytyl)-glycerol 
make up a major portion of the polar lipid fraction. There may be some 
question as to the classification of this organism, however, since they 
report that it has a moderate requirement for sodium chloride, but very 
high requirements for magnesium chloride. 
DeRosa et al. (1974, 1975, and 1976) have isolated cyclic glycerol 
diethers from membranes of the thermophilic acidophilic bacterium, 
Sulfolobus acidocaldarius. These lipids are very similar to those of 
extreme halophiles, having a diether in the sn-2,3- or L-a,8-configura-
tion. Rather than having two 20 carbon dihydrophytanyl groups, the 
major lipid has a single 40 carbon alkyl group with both ends bound by 
ether linkages to the glycerol. The only difference between the two 
being the linkage between C-16 and C-17 on the latter. 
Langworthy et al. (1972) and Ruwart and Haug (1975) have studied 
the lipids of Thermoplasma acidophila and found similar ether-based 
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lipids. Paltauf et al. (1971) reporting on comparative studies of ester-
linked and ether-linked phospholipids, suggested that ether phospho-
lipids are more stable over a wide pH range against hydrolysis and that 
this could be the reason for such high levels of these lipids in halo-
philic bacteria. This would be even more applicable to the thermophilic 
acidophiles. 
Goldfine (1972) reviewed the comparative aspects of bacterial 
lipids. In his discussion of ether-linked lipids, he cites three 
reports of small amounts of 0-alkyl, acyl, glycerophosphates detected 
in anaerobic bacteria. 
Hallgren et al. (1974) have isolated a 1-0-phytanylglycerol from 
the liver of cod caught in the Baltic Sea. They did not obtain suf-
ficient qantitiies for optical rotation determinations. Therefore, 
the configuration of this monether remains unknown. It is their 
belief that the composition of the glycerol ethers depends largely 
upon the diet--especially since other glycerol ethers are common to 
these organisms. 
Metabolism of the lipid 
Kates et al. (1968) conducted metabolic studies on the biosynthesis 
of the phytanyl groups using radioactive labeled precursors. Their 
findings showed that the predominant biosynthetic route for these chains, 
starting from acetate, is the mevalonate pathway (the end point being 
phytanyl pyrophosphate). They also demonstrated that glycerol can 
enter both the mevalonate pathway for the phytanyl groups and the 
glycolysis cycle for synthesis of glycerophosphates. 
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The question still remains as to where along the mevalonate path-
way the double bonds of the repeating isoprene units become saturated. 
Kates (1972) has postulated that reduction of these double bonds either 
occurs at eacp step of the pathway or that four hydrogenation steps 
occur in the terminal geranylgeranyl pyrophosphate to form the fully 
saturated phytanyl pyrophosphate. 
Recently, Kushwaha et al. (1975) have isolated geranylgeraniol 
from H. cutirubrum which is an isomer of the all-trans form containing 
an internal cis-isoprene unit. In nature, the pyrophosphate of the 
all-trans isomer is known to be a biosynthetic precursor of c
40
-
carotenoids. However, they point out that this unusual cis-containing 
isomer has not been found in nature. They postulate that it may be 
involved in the synthesis of the phytanyl chains of polar lipids or 
other c 20-isoprenoids. 
Kushwaha and Kates (in preparation, as cited by Kushwaha et al., 
1975) have conducted experiments in a cell-free system from!:!• 
14 
cutirubrum on C-labeled mevalonate. Their results show that trans-
phytoene is formed from 
14
c-mevalonate and not the cis-isomer. Further, 
14 
C-trans-phytoene is converted by the cell-free system to all trans-
isomers of the c40-carotenes. This would imply two different branches 
of the melvalonate pathway in these organisms--one following the usual 
all-trans course for the synthesis of c
40
-carotenes and another novel 
pathway involving the cis-containing isomer in the synthesis of the c
20
-
isoprenoids. If this unusual geranylgeraniol does turn out to be a 
precursor of the phytanyl moieties, it would appear that hydrogenation 
of the double bonds would occur in steps following synthesis to that 
point. 
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Upon determination of the unexpected L-configuration of the ether 
linkages, Kates et al. (1965a) postulated two possible approaches to the 
formation of these bonds . One was that there had to be an inversion of 
configuration at the number two carbon of glycerol--in which case no 
unusual triose metabolism would have to be postulated. The other 
possibility was that the diether might be formed by 0-alkylation of 
D-3-glycerophosphate followed by dephosphorylation. Evidence seems 
to be stronger for the latter. 
If Joo et al . (1968) are correct in assuming that the monoethers 
they found are biogenetic precursors of the diether, this would impli-
cate a novel synthesis where the introduction of the second phytanyl 
group into the 2-position on the monoether could not involve any 
inversion of configuration. 
Further studies by Wassef et al. (1970a) on glycerophosphate 
synthesis in!:!_. cutirubrum reported a rapid conversion of glycerol to 
glycerophosphate. The enzyme catalyzing this reaction, glycerol kinase, 
was studied in cell-free homogenates by Wassef et al. (1970b) and found 
to be stereospecific for the normal sn-3-isomer. Another enzyme, glycer-
ophosphate dehydrogenase, was also found to be specific for the sn-3-
glycerophosphate. 
Also that year, Kates et al. (1970) conducted studies using 
glycerol precursor labeled with tritiated hydrogen at carbon 1(3) or at 
carbon 2. 3 It was found that 100 percent of the H-label was retained 
using the 1(3)- 3H-isomer whereas all of the label from the 2- 3H-isomer 
was lost. The apparent dehydrogenation at C-2 but not at C-1 (or C-3) 
eliminated any participation of aldo-keto isomerizations. If 
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dihydroxyacetone phosphate were the precursor, it would have to be in a 
physically separated pool where it could not equilibrate with glycer-
aldehyde 3-phosphate. They suggested that a more likely precursor would 
be dihydroxy acetone, which is formed by the action of glycerol dehydro-
genase, an enzyme known to be active in H. cutirubrum (Baxter and 
Gibbons, 1954). 
The steps leading from dihydroxy acetone or dihydroxyacetone 
phosphate to the diphytanylglycerol ether presently remain unclear. 
Kates (1972) suggests the probable presence of a novel pathway for 
biosynthesis of these ether lipids. 
Little is known concerning biodegradation of the lipid in these 
organisms. In their studies on the neutral lipids of _Ii. cutirubrum, 
Kushwaha et al. (1975) were unable to detect enzymatic breakdown of 
phospholipids or glycolipids using pulse-chase labeling methods. Ikan 
et al. (1975) have analyzed degradative products of chlorophyll a in 
marine sediments and outlined a scheme for the pathway of its dia-
genesis. This includes products such as phytol, dihydrophytol, 
phytenic and phytanic acid, phytene, phytane, pristend, pristane, and 
pristanic acid. Although they attribute the presence of these products 
to degradation of chlorophyll, they do acknowledge the possibility 
that lesser amounts could have originated from lipids of halophilic 
bacteria. 
Laboratory synthesis 
While characterizing the lipid, several researchers synthesized 
reference components for comparison with the natural forms. Kates et al. 
(1963b) synthesized several dialkyl glyceryl ethers by alkylating 
L-a-benzyl glycerol (obtained from the procedure of Baer and Fischer, 
1939, with modifications of Sowden and Fischer, 1941, and Howe and 
Malkin, 1951) with alkyl bromides in potassium hydroxide followed by 
removal of the blocking benzene group by catalytic hydrogenolysis. 
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Kates et al. (1965b) followed this procedure using both D- and 
L-isomers of a-benzyl glycerol in detennination of natural configuration 
of the ether linkages. Dihydrophytyl bromide was prepared from com-
mercial phytol (derived from chlorophyll) which was hydrogenated in 
methanol with platinum catalyst. Crude dihydrophytol was heated under 
reflux in a mixture of hydrobromic acid and concentrated surfuric acid 
to give the bromide product. 
Joo and Kates (1969) synthesized the complete lipid starting with 
the diphytanyl glyceryl ethers and benzyl glycerol prepared from pro-
cedures described above. The former was converted to the monosilver 
salt of 2,3-di-O-phytanyl-sn-glycerol-l-P-nitrobenzyl phosphate. From 
benzyl glycerol, l-iodo-2-tert-butyl-3-diphenylphosphoryl glycerol was 
synthesized. Condensation of the two followed by removal of blocking 
groups resulted in two synthetic diasterioisomers of the lipid. An 
alternate method for phosphorylating the diphytanyl glycerol ether using 
diphenylphosphoryl chloride was reported by Kates et al. (1970). 
Food Additives 
Safety 
In a symposium on new food products, Manoff (1971), Cody (1971), 
Grisanti (1971), and Kirkpatrick (1971) have discussed various aspects 
involving the development, testing, and approval of new foods and 
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additives under current and future prospects. Porter (1974) has 
presented a survey of possible contributions of microbiology with 
respect to the food and energy crisis. Of particular interest to this 
review are current requirements for approval of new food additives in 
this country. 
Current requirements for safety testing of proposed additives are 
summarized by the FDA (1967). Three required toxicity studies are as 
follows: 
1) Acute toxicity tests to show the effects of a single dose 
of the chemical given to a variety of laboratory animals. 
2) Short-term toxicity studies (90 days) to show the effects of 
feeding diets of different concentrations of the chemical to 
two kinds of laboratory animals. 
3) Long-term toxicity studies (two years or more) to show the 
effects of lifetime comsumption of the chemical. 
Results of these studies are then submitted to FDA scientists for evalu-
ation and approval. Diechman (1975) points out that the primary concern 
is with those chemicals that may be potential human carcinogens, terato-
gens, or mutagens. 
Statistical considerations and the working principles involving 
the specifics of toxicity testing have been reviewed by Balaz (1970) 
and by Davidow and Hagan (1955). The latter are primarily concerned 
with food additives. 
Efficacy 
The second consideration in the development of a new food additive 
is that of efficacy or usefulness. Two major areas are of interest to 
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this study. These are: 1) the use of nonnutritive compounds to 
replace high calorie constituents providing bulk and improving texture; 
and 2) the use of emulsifiers. 
Little is in the literature concerning nonnutritive lipid substi-
tutes because of the rarity of lipids which cannot be broken down or 
metabolized by normal digestive processes. Most of the work has been 
conducted on natural fiber and on substitutes associated with artificial 
sweeteners. Pintauro (1974) has pointed out that sugar-sweetened 
products possess a certain amount of "body". In many cases sugar 
imparts certain desirable physical and chemical characteristics. When 
sugar is replaced by much smaller quantities of nonnutritive sweeteners 
which are several times sweeter and which do not possess these other 
characteristics or bulk, other so-called "bodying agents" such as 
natural gums like sodium alginate and pectin, cellulose gum derivatives, 
and sorbitol must be used. 
Trowell (1972) has emphasized that dietary nonnutritive fiber is 
neither inert nor non-functional within the digestive tract. With 
increasing varieties of processed foods, it is becoming clear that the 
nonnutritive content of the diet may be more important than previously 
thought. 
Tsai et al. (1976) have conducted studies relating the dietary 
content of commonly used fiber additives such as pectin, carragheenan, 
agar, gum arabic, and cellulose to serum and tissue levels of 
cholesterol. Although the effect of dietary fiber is somewhat depen-
dent on the composition of the diet, most of these do display a hypo-
cholesterolemic effect. They have cited several other supporting 
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studies which suggest that reduced dietary fiber is related to 
incidences of artherosclerosis and coronary heart disease through 
influence on cholesterol levels. Similar relationsh i ps have been 
implicated with cancer of the colon and diverticulous from findings 
of Painter and Burkitt (1971), Painter et al. (1972), Mikhail and 
Hirschberg (1972), MacGregor (1974), and Kritchevsky and Story (1974). 
Weiss (1970) has reviewed the subject of lipids within food. 
Besides describing their nature and uses, he has extensively covered 
approved methods for characterization of useful physical and chemical 
properties. His book serves as an excellent reference for laboratory 
procedures involving these principles. 
Regarding emulsifiers, Griffin (1949) stated that an emulsifier 
has two actions that are distinctly different. The first is that of 
adding stability to an emulsion by making it's formation easier, by 
producing a finer particle size, and by keeping the two phases dispersed 
longer. The second is that of controlling the type of emulsion that is 
to be formed (e.g. oil in water or water in oil). 
In discussing the chemistry of emulsifying agents, Becher (1965) 
has pointed out that determination of the hydrophile-lipophile balance 
(HLB) is of major importance in describing the efficacy of a given 
emulsifier. Clayton (1943) was the first to recognize that an emulsi-
fier molecule should contain a balance between polar and nonpolar 
moieties. 
Griffin (1949) dipicted this approach in quantitative terms by 
introducing the concept of hydrophile-lipophile balance. His method 
was to assign a number to each surface active agent which was related 
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by a scale to suitable applications. Initially; his method required 
long experimental procedures to assign values to emulsifiers ranging 
from one (being extremely lipophilic) to twenty (being extremely 
hydrophilic). Determinations were made by experimentally determining 
the ratio of two emulsifiers giving optimal emulsion stability and 
applying the following relationship to this optimal ratio: 




WA represented the weight of one emulsifier used and HLBA represented 
the HLB of that emulsifier. Similarly w
8 
and HLB8 represented the 
respective weight and HLB of the second emulsifier. HLB . 1 was the 01. 
"required" HLB of the oil used within the emulsion under specified 
conditions. By using emulsifiers of known HLB, the required HLB of an 
unknown oil could be determined. Conversely, by using an oil of known 
required HLB and one emulsifier of known HLB, the HLB of a second 
emulsifier could be experimentally determined. 
In trying to correlate HLB values with molecular structures, 
Griffin (1954) developed the relationship, HLB = (E + P)/5, where E 
is the weight percentage of oxyethylene content and Pis the weight 
percentage of polyhydric alcohol content. However, this method was 
only useful for nonionic surfactants. He also observed that HLB 
= 20(1 - S/A), where Sis the saponification number of the ester and A 
is the acid number of the acid. 
Davies (1957) examined HLB values for a large number of emulsifiers 
and derived group values for structural moieties of the molecule in the 
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following equation: 
HLB = 7 + L(hydrophilic group numbers) - L(lipophilic group numbers). 
These methods appear to work well for sorbitan and polyoxyethylene 
sorbitan esters, but are limited in that they are not applicable to 
nonionic surfactants containing other hydrophilic oxide units, sulfur 
or nitrogen-containing surfactants, or ionic surfactants (Petrowski and 
Vanatta, 1973). 
Gorman and Hall (1963) reasoned that the polar nature of the 
emulsifier molecule should account for much of the hydrophile-lipophile 
properties. By measurement of dielectric constants of 20 different 
emulsifiers, they reported a linear relationship between the reported 
HLB and the log of the dielectric constant. 
Ben-Et and Tartarsky (1972) measured the ratio of hydrophilic and 
lipophilic hydrogens using nuclear magnetic resonance spectroscopy (NMR). 
They reported a correlation with published HLB values and recommended 
NMR as a rapid, nondestructive method which requires only small samples. 
However, no application of NMR was made to phospholipids. 
Several studies correlating HLB with gas chromatography have been 
reported. Petrowski and Vanatta (1973) have reviewed approaches by 
many of these investigators and have extended these examinations to 
the individual factors (e.g. column temperature, column length, flow 
rate, liquid loading, solid supports, and injection mixtures) that 
affect the correlation. For the most part, these studies have dealt 
with nonionic emulsifiers. 
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Becker (1965) pointed out that in spite of a large amount of work 
in the field, the original method of Griffin is still the "workhorse" 
method for the determination of HLB for a number of emulsifiers. 
Relevance of Study 
When al 1 of these considerations are applied to the unusual lipid 
of extreme halophiles, interesting possibilities for its use in the 
food industry certainly prompt a need for a clearer understanding of 
the properties and toxicity of this compound. Although extensive work 
and considerable research would be required to examine all of these 
possibilities, a precursory examination of the lipid in this light 
would certainly be warranted. Along with providing additional informa-
tion about the lipid itself, such a study would further serve as a 
critical indicator of the feasibility and worth of more extensive study. 
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MATERIALS AND METHODS 
Culture Procedures 
The medium used in this study was that of Sehgal and Gibbons (1960) 
with modifications of Post (1977) working with Great Salt Lake isolates. 
The medium was prepared with artificial lake water which contained: 




0, 10 g; KCl, 5 g; CaC1 2•2 H20, 0.2 g; and 
water to bring the volume to one liter. This not only allowed the 
settling out of a slight insoluble precipitate from the salt solution, 
but also provided a stock solution which could also be used for 
resuspension of harvested cells and cell washings. 
Basal medium was prepared using (g/liter): casein hydrolysate 
(National Biochemicals Corporation, Cleveland, Ohio) , 5 g; yeast 
extract (Difeo Laboratories, Detroit, Michigan), 1 g; KN0 3, 1 g; and 
trisodium citrate, 3 g; in one liter of artificial lake water. After 
thorough mixing, the pH was adjusted to 7.2 to 7.4 with lN NaOH. The 
solution was then autoclaved. 
The extreme halophile, Halobacterium halobium NRC34003, was 
originally obtained from the National Research Council of Canada, and 
maintained in stock cultures on halo-rich agar slants made from the 
above medium with the addition of 1 percent agar. These cultures were 
transferred every month. Inoculated slants were incubated at 35°C until 
good visible growth was obtained and then stored at room temperature. 
Fifty ml cultures to be used as inocula for batch cultures were 
obtained by incubating medium in 125 ml erlenmeyer flasks at ~ °Cina 
gyrotory water bath shaker (New Brunswick Scientific, New Brunswick, 
N. J.) for 4 days. 
Fifteen liter batch cultures in 20 liter carboys were maintained 
in a 41°C water bath. The temperature was regulated by a Hoch 
Belastbar thermostat (Bronwill Scientific Company, Rochester, N. Y.) 
through a Versa-Therm electronic temperature control relay model 2149 
(Cole-Parmer Instrument Company, Chicago, Illinois). A stream of air 
passing through a sterile cotton filter and into the bottom of the 
carboys maintained agitation and aeration within the culture. 
Growth was determined by optical density measurements at 525 nm 
using a Spectronic 20 spectrophotometer (Bausch and Lomb, Rochester, 
N. Y.). The average maximum absorbance, obtained after approximately 
5 days was .85 to 190. 
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Cells were harvested by centrifugation through a Szent-Gyorgi and 
Blum continuous flow centrifuge system (Ivan Sorvall, Inc., Norwalk, 
Connecticut) with a flow rate of 175 - 200 ml/minute using an eight 
tube SS-34 rotor in an RC-2B Sorval centrifuge at 24,000 xg. Cells 
were washed and suspended in artificial lake water to an approximate 
concentration of 60 mg dry cells/ml as estimated by Kates et al. (1965a). 
Lipid Extraction and Purification 
Lipid extraction and purification procedures of Kates et al. 
(1965a) were followed with described modifications. Total lipids were 
extracted from 240 ml cell suspensions by the addition of 600 ml of 
methanol and 300 ml of chloroform. The cells immediately lysed and the 
solution was allowed to stand 24 hours at room temperature. The mixture 
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was centrifuged using a GSA rotor at 10,000 xg and the red, lipid-
containing supernatant was collected. The cell residue was suspended 
in 400 ml of methanol-chloroform-water (2:1:0.8 v/v) and mixed in a 
Waring Blender (Waring Products, Co., Winsted, Connecticut) at high 
speed for three minutes. This mixture was allowed to stand overnight 
and the supernatant was collected by centrifugation and combined with 
that previously collected. Six hundred ml of chloroform and 600 ml of 
water were then added to the combined supernatants causing the solution 
to separate into two phases. The red-colored chloroform phase was 
collected from a separatory funnel and concentrated in vacuo to dryness 
using a flash evaporator (Buchler Instruments, Fort Lee, N. J.) with 
a 2,000 ml and a 200 ml flask. 
The barium salt of the diphytanyl ether analog of phosphatidyl 
glycerophosphate was precipitated by suspending the crude lipid 
extract in S ml of chloroform and adding 30 ml of methanol. This 
mixture was allowed to stand overnight at -20°C and the insoluble 
material was removed by centrifugation. A 20 percent aqueous solution 
of Bac1
2 
was added dropwise to the methanol supernatant until no further 
precipitation of the barium salt of the lipid occurred. This usually 
required 0.6-0.8 ml. The mixture was incubated overnight at -20°C 
and the barium salt was centrifuged in an SS-34 rotor at 12,000 xg for 
S minutes. 
The precipitate was washed several times with a 1:1 mixture of 
cold acetone and methanol. To remove impurities, the precipitate was 
dissolved in S ml of chloroform, reprecipitated by the addition of 30 
ml cold (0°C) acetone, and recovered by centrifugation. The slightly 
yellow material was washed twice with 10 ml por tions of cold acetone 
and allowed to dry. 
The barium salt was converted to the free acid by dissolving 109 
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mg in 15 ml of chloroform and adding 15 ml of methanol . A white 
precipitate appeared with the addition of methanol but redissolved when 
the mixture was acidified with 0.35 ml of IN HCl. 13.2 ml of water 
were added and the mixture was shaken and allowed to separate into two 
phases. The chloroform phase containing the lipid in free acid form was 
removed and evaporated to dryness in vacuo. 
Kates et al. (1965a) described the lipid as a colorless gum, 
however, the lipid isolated had a yellow to brown color as the quantity 
increased. To insure purity, the steps involving precipitation of its 
barium salt and reconversion to the free acid form were repeated. 
Purity was further confirmed with chromatography on silicic acid 
impregnated Whatmann 3 MM paper prepared by the procedure of Martinetti 
et al. (1957), using 2,6 dimethyl 4 heptanone-acetic acid-water 
(40:25:5 v/v) as solvent. Developing chromatograms were stained with 
rhodamine 6G, but lipid components were very difficult to visualize 
under UV light (366 nm) and poor sensitivity was obtained. A much more 
sensitive stain developed by Dittmer and Lester (1964) which was 
specific for phospholipids gave better visualization of these compounds. 
Using this dye, the purified lipid gave a distinct single spot with an 




Approximately 1 g of purified lipid was collected and stored at 
-20°C in a 16 mm screw-cap test tube . The purified lipid was a 
yellowish brown viscous gum. A sample was drawn up into a 1.6-1.8 x 
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100 mm capillary tube until it reached the length of approximately 1 cm 
within the tube. Procedures for the "closed capillary" melting point 
determination (outlined by Weiss, 1970) were followed using a calibrated 
thermometer (1°F increments) with the lower limit of -30°F (-34.4°C). 
Since the only observable change on the lipid over increasing tempera-
tures was alteration of viscosity--melting point determinations could 
not be made with these procedures. Gross observations of the 1 g lipid 
sample in the 16 mm tube were also made at various temperatures. These 
gave results similar to the capillary sample and will be discussed in a 
later section. 
It was suggested by Dr. Ernstrom (personal communication) that 
dilatometric studies would not be helpful at this stage since the lipid 
had characteristics of a gum rather than an oil or fat. Furthermore, 
quantities obtained were not sufficient to conduct dilatometric studies. 
HLB Determination 
Since the literature contained no formulas for rapid determina-
tions of HLB for ether-linked phospholipids from molecular structure, 
the original method of Griffin (1949) was used. However, due to 
limited quantities of lipid, Griffin's procedure was modified for milli-
gram rather than gram quantities. 
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The ratio of lipid (unknown HLB) to emulsifier of known HLB giving 
optimal stability to an emulsion of oil (of known required HLB) and 
water was determined using various ratios of lipid to Tween 80 (HLB 
15.0). This gave a combined total emulsifier weight of 0.01 g. 
A 0.095 g quantity of paraffinic mineral oil (required HLB 10) and a 
0.095 g quantity of water were mixed to give the emulsion. Small 6 x 
SO mm glass tubes (VWR Scientific) were used as containers. 
A given volume of lipid in chloroform solution (0.0328 g/ml) was 
placed in a preweighted tube and the chloroform was evaporated leaving 
the pure lipid. The tube was weighed using a Mettler H lOT analytical 
balance to determine the weight of lipid present. The desired weight 
of Tween 80 was then added through a Pasteur pipette which had been 
drawn over a flame to allow the passage of very small quantities. 
These additions were made and amounts were measured as the tube rested 
on the pan of the analytical balance. Mineral oil was added in the 
same manner and the tube was rotated to bring the lipid and emulsifier 
into a uniform mixture. These were allowed to stand overnight to 
insure complete dispersion of the components into the oil phase. Water 
was then weighed in using the same technique and the tube was capped 
with parafilm. 
Emulsions were formed by rapid mixing with a Vari-Whirl mixer 
(VWR Scientific) and five intermittent inversions of the tube for a 
period of five minutes. The tubes were placed upright in a rack and 
stored undisturbed for six hours. After six hours the emulsions were 
compared by measuring the length of the column remaining as an emulsion 
compared to the total length of the fluid column. Values were expressed 
as percent emulsion. 
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This procedure was tested by a preliminary run using various 
ratios of Tween 80 (HLB 15.0) and Span 85 (HLB 1.8) with paraffinic 
mineral oil (required HLB 10) and water. Observed emulsion stabilities 
were compared with the calculated optimal ratio and found to be in 
agreement. 
An initial lipid test was conducted using the lipid to Tween 80 
emulsifier ratios of 100:0, 75:25, 50:50, 25:75, and 0:100. Three 
additional runs used 11 tubes each with the ratios 75:25, 70:30, 
65:35, 60:40, 55:45, 50:50, 45:55, 40:60, 35:65, 30:70, and 25:75. 
Toxicity Testing 
Feeding trial 
A pilot test was conducted administering oral dosages of the lipid 
to white laboratory mice obtained from a colony maintained by the 
Animal Care Facility, Department of Veterinary Science, Utah State 
University. Animals were kept in separate cages equipped to collect 
feces throughout the test period. Each dose was prepared from a solu-
tion of known concentration of lipid dissolved in vegetable oil (Crisco, 
Proctor and Gamble, Cincinnati, Ohio). Recommendations of Davidow and 
Hagan (1955) to limit oral dosages in oil to 8 ml/kg body w~ight to 
prevent laxative effects were followed. Table 1 describes the dosages 
given to one male and one female in each test group. 
Doses were administered via a stomach tube using a 1 cc Becton-
Dickinson tuberculine syringe (Rutherford, N. J.) having 0.01 cc gradu-
ations through a 3 cm length of 1 mm diameter polyethylene tubing 
(Fisher Scientific Co., Pittsburgh, Pennsylvania) fitted to an 18 gauge 









































0. 11 ml 
0.10 ml 
needle. Food was withdrawn 18 hours prior to administration and offered 
immediately following administration of the lipid. 
It should be mentioned that in all administrations of the lipid 
(both feeding and IP injection), volumes were measurable to the nearest 
0.01 ml using these syringes. To insure that the calculated dosage was 
administered, all calculations having an integer other than zero in 
the third decimal place were rounded to the next upper or highest 0.01 
ml. 
Each animal was observed daily for two weeks and the stool was 
collected and observed for signs of diarrhea or other abnormalities. 
Due to limited quantities of lipid the maximal dosage of 800 mg/kg 
body weight was then tested in a second group of laboratory mice which 
consisted of five males and five females. These animals had not been 
used for previous testing and were maintained on a normal diet for 
one week during which time feces was collected for later testing and 
comparison with feces collected following lipid administration. 
The same procedures outlined for the pilot test were followed. 
Table 2 describes the dosages given in this group. 



























21. 6 g 
13.6 g 
29.0 g 
133.3 mg/ml 0.10 ml 
133.3 mg/ml 0.11 ml 
133.3 mg/ml 0.12 ml 
133.3 mg/ml 0.12 ml 
133.3 mg/ml 0.12 ml 
133.3 mg/ml 0.15 ml 
133.3 mg/ml 0.11 ml 
133.3 mg/ml 0.13 ml 
133.3 mg/ml 0.15 ml 
133.3 mg/ml 0.18 ml 
Animals were observed daily for two weeks and kept for two months 
following administration. One male and one female from this group were 
later sacrificed and examined for signs of gross internal abnormalities 
by comparison with dissected control animals. 
Feces from all animals in this group were collected up to one week 
following administration. Feces collected before and after lipid 
feeding were suspended and mixed in water. Methanol and chloroform were 
added to form a single extraction phase of methanol-chloroform-water in 
the ratio of 2:1:0.8 (v/v). The procedure described previously for 
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extracting total lipids from bacteria was followed to obtain concentrated 
total lipid extracts in chloroform from both fecal samples. Paper chro-
matograms of fecal samples were prepared as previously described and 
compared to determine if any of the lipid could be identified in the 
stool. Previously isolated pure lipid was used as a reference in this 
procedure. 
Intraperitoneal injection 
A solution of vegetable oil (Crisco) contained 133.3 mg/ml of the 
lipid was prepared for intraperitonea l injection into previously 
untested white mice. The lipid was dissolved in chloroform and filter 
sterilized through a 0.45 um millipore filter (Millipore Corp., Bedford, 
Massachusetts). It was collected in a sterile, preweighed vial and the 
chloroform was evaporated off overnight under a stream of air passed 
through a sterile cotton filter. After complete evaporation of the 
chloroform, the vial was weighed using a Mettler H !OT analytical balance 
(Mettler Instrument Corp., Princeton, N. J.) having an accuracy of 0.05 
mg. Vegetable oil (Crisco) was sterilized by heating at 14°C for 30 
minutes and allowed to cool to room temperature. The required amount 
of oil giving the desired lipid concentration was added to the vial and 
the vial was aseptically capped. A vial of sterile vegetable oil was 
also prepared for control injections and used in making dilutions of 
the lipid preparation. 
A preliminary test using the same dosage as the feeding trial was 
conducted using intraperitoneal injection for administration. The 
methods outlined by Moreland (1965) were followed using a 1 cc 
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tuberculine syringe with a 26 gauge needle. Table 3 outlines the doses 
administered. 




















35 .3 g 
34. 7 g 
Lipid cone. 



















The animals were kept under observation for 51 days following 
administration. 
A completed IP injection test using 800 mg/kg doses was conducted 
on a new set of laboratory mice consisting of five males and five 
females. Weights and dosages are summarized in Table 4. 
Animals were observed for 30 days. At the end of this period, one 
male and one female were randomly selected and sacrificed. They were 
dissected along with control animals to determine if there were any 
gross internal abnormalities observable. 
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27. 9 g 
Lipid cone. 













0. 17 ml 
0 .16 ml 
0.15 ml 
0 .15 ml 
0.15 ml 





RESULTS AND DISCUSSION 
Lipid Characteristics 
The purified lipid was an odorless, yellowish brown viscous gum 
which was readily soluble in chloroform and other nonpolar solvents. 
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It had a poor to slightly milky dispersion in water following vigorous 
agitation. When placed in vegetable or mineral oil, it would completely 
disperse after prolonged mixing giving a clear solution which became 
uniformly tinted with the characteristic yellow to brown color depending 
upon lipid concentration. 
Paper chromatograms of the lipid using the Dittmer-Lester dye for 
phospholipid visualization gave a single spot having an RF value of 
0.47 to 0.49. Later chromatograms with the same preparations using a 
different batch of silicic acid impregnated paper gave a single spot at 
RF 0175. The latter is closer to values obtained for the lipid by Kates 
I, (,S 
et al. (~a) but readily demonstrates the variability between batch 
preparations and chromatography procedures. 
Since there were no sites of unsaturation within the alkyl chains 
vulnerable to free radical oxidation, it was expected that the lipid 
would remain fairly stable in storage. No distinguishable changes in 
the lipid were noted in storage at -20°C over a period of several 
months. A sample stored at room temperature for four months also showed 
no observable signs of deterioration. 
Although isolation and purification procedures were primarily 
concerned with obtaining pure lipid preparations rather than optimal 
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I 
quantative recoveries, results from this and other studies indicate 
I 
this approach for obtaining large quantities to be highly impractical. 
The maximum amount of lipid obtained in this study was 12.3 mg per 
liter of initial culture. Kates et al. (1965a) reported recoveries of 
up to 25.6 mg per liter of culture using similar methods. 
This, however, does not exclude all possible sources for the lipid 
but clearly establishes the need for future research into this area. 
As discussed in the review of the literature, the lipid has been 
chemically synthesized from commercial phytol and L-a-benzyl glycerol 
(Joo and Kates, 1969). A further option may reside in obtaining halo-
phile mutants capable of producing copius amounts of lipid--somewhat 
analogous to the development of commercial scale penicillin production. 
Such investigations would be paramount to any subsequent studies of the 
lipid's usefulness. 
Melting properties of the lipid are very interesting but remain 
somewhat uncertain. At -20°C the lipid appeared to be either a very 
thick gum or an amorphous solid which showed no movement or fluidity 
upon rotation. Unlike fats and oils which are solidified and opaque 
below their melting points, the lipid remained clear with no sign of 
opacity at temperatures down to -62°C with overnight storage in a Revco 
freezer. As the temperature was increased slight fluid movement was 
noticeable at -15°C to -12°C. From this point, fluidity increased with 
temperature. At 80°C the movement of the lipid within its container 
was fairly free. It remained viscous having the consistency of a syrup. 
At 86°C the lipid became slightly clouded and heat was removed to pre-
vent scorching. 
These results seem to contrast what might normally be expected 
since the melting poi~ts of many fats and oils are elevated with 
increases in chain length, branching, and degree of saturation--
attributes common to the phytanyl portions of the lipid. However, 
observations from this study indicate the lipid is more like a gum 
with a melting point well below 0°C. This is further supported by 
the findings of Plachey et al. (1974) who reported the melting point 
of neat dihydrophytol to be in the range of -50°C to -60°C. A major 
factor contributing to the low melting point would probably be the 
bulkiness of these chains. Stearic hinderance might account for much 




In a preliminary test of the scale-down modifications to Griffin's 
procedure (Griffin, 1949) that were to be used in this study, a system 
using two emulsifiers of known HLB was established. It was calculated 
from Griffin's formula that the ratio of Span 85 to Tween 80 which gives 
optimal stability to a paraffinic mineral oil and water suspension is 
36:60. This ratio and others prepared gave the results summarized by 
Table 5. The greatest stability was experimentally demonstrated for 
the optimal ratio described in column 3. These results support the 
validity of the scaled down version of Griffin's test. 
Upon application of these methods to the test system involving 
the halophile lipid in emulsifier combination with Tween 80, an initial 
broadened evaluation gave the results described in Table 6. 
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Table 5. Results of preliminary test of HLB determination methods using 
known components. 
Tube number 1 2 3 4 5 
Span 85:Tween 80 24: 72 30:66 36 :60 42:54 50:50 
Column length ( cm) 1.5 1. 7 1. 7 1. 7 1.5 
Emulsion length (cm) 1.0 1.1 l. 2 1.1 0.9 
Percent emulsion 68 65 71 65 60 
Table 6. Results of initial HLB test of l i pid using broad changes of 
emulsifier r atio 
Tube number 1 2 3 4 5 
Lipid:Tween 80 100:0 75:25 50:SO 25:75 0: 100 
Column length ( cm) l. 8 2.0 1. 6 2.0 1.4 
Emulsion length ( cm) 1.1 1. 2 1.4 1. 7 0.9 
Percent emulsion 61 60 88 85 64 
These results indicated tha t the optimal ratio resided between the 
limits of 75:25 and 25:75 blends of lipid to Tween 80. However, accuracy 
of these results were somewhat questionable because water was added 
volumetrically rather than gravimetrically in this test. Volumetric 
additions working with micro applications to the test became cumbersome 
and difficult and it became evident that gravimetric additions were 
simpler and more consistent. 
In the final evaluation of the lipid's HLB, three separate tests 
using lipid to Tween 80 ratios ranging from 75:25 to 25:75 each gave 
maximal emulsion stability at the ratio of 65 (lipid):25 (Tween 80). 
See appendix for descriptions of these results. Upon substitution of 
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these values into Griffin's formula the HLB of the lipid was calculated 
as follows: 
Wt. Lipid (HLBLipid) - Wt . Tween 80 (HLBTween) = 




65 (HLBL .. d) t 35 (15) 
1p1 = 10 
65 t 35 






, 0 ·) 
(, 
This value appears to be in agreement with expected values based 
on general observations of the lipid previously described. Beef er cvJ 
I 
(1965) explained that emulsifiers with HLB's less than 10 are more 
lipophilic than hydrophilic and are thus readily dispersable in non-
polar solvents with decreasing dispersability in polar substances. 
The extraction procedure has already described how the lipid was 
recovered from the chloroform phase being partitioned off from the 
aqueous phase. Pure lipid preparations were also soluble in mineral 
oil and vegetable oil as described earlier. When vigorously mixed 
with water, only slight milky dispersions were obtained. 
The major limitation to the accurate measurement of the lipid's 
HLB in this study was the restricted quantity of the lipid. It became 
difficult and time consuming to accurately weigh the milligram additions 
of emulsifiers, oil, and water. Also, quantities of this nature 
become increasingly prone to weighing errors and to limitations of 
. /J, 7 
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accuracy of the balance. Because of this vulnerability, it would be 
valuable to further confirm the HLB determination when large enough 
quantities of the lipid are available to conduct the experiment on its 
original scale. Additionally, a truer confirmation of the HLB ought to 
be established by experiments designed to compare it in combination with 
a number of different emulsifiers of known HLB. 
Animal Administration 
Results obtained from both oral administration and intraperitoneal 
injection of the lipid into laboratory mice indicate that the lipid is 
relatively safe from the standpoint of acute toxicity. In both cases, 
it was administered in dosages of up to 800 mg per kg body weight showing 
no apparent adverse effects within the animals. 
Table 7 summarized results from the pilot test of the feeding trial. 
Although mortality is the major criterion in acute toxicity studies, 
observations here were further concerned with signs of morbidity through 
physical appearance of the animals as well as notations of changes in 
activity and behavior. Also, because of the laxative effect of some 
lipids at significant dose levels, it was of interest to this study to 
note the appearance and consistency of the animal's feces. 
While no deaths nor an abservable signs of morbidity were encoun-
tered, some of the mice in this test did have loose and watery feces 
following administration. This should be attributed primarily to the 
vegetable oil which served as a carrier for the lipid since one of the 
most severe cases was noted in the male control which received only 
vegetable oil. 
















l 800 mg/kg 
Observations following administration 
Animal appearance & behavior Feces 
Normal throughout observation Solid throughout observation 
Normal throughout observation Solid throughout observation 
Normal throughout observation Partially loose and watery (approx. SO%) first 
day becoming solid after the second day 
Normal throughout observation Solid throughout observation 
Normal throughout observation Mostly loose and watery during the first day 
becoming solid after the second day 
Normal throughout observation Solid throughout observation 
Normal throughout observation Slightly loose and watery becoming solid after 
second day 
Normal throughout observation Mostly loose and watery becoming solid after 
second day 
46 
Table 8 contains the results in the final feeding test in which ten 
mice were each administered 800 mg/kg doses. Safety of oral doses at 
this level was confirmed by these results. Further, additional support 
to the proposition that earlier diarrhea was due to the vegetable oil 
was established. Animals that were sacrificed and dissected showed no 
gross internal abnormalities when compared with dissected controls. 
Chromatograms of lipid extracts from control feces compared to 
those from feces collected after administration of maximal doses are 
represented in Figure 1 and Figure 2. The former was obtained by 
staining with Rhodamine 6-G causing fluorescence of lipid fractions 
under U.V. light. The latter represents the chromatogram obtained using 
the Dittmer-Lester dye specific for visualizing phospholipids. From 
these there appears to be no evidence that the lipid is present in the 
stool in its administered phosphatidyl glycerophosphate form. 
It might be speculated that the bulge in the feeding trial extract 
in Figure 1 which appears to correspond to the reference lipid spot 
might be due to lipid fragments from which the phosphates have been 
cleaved. This is a possibility which must be considered since there 
are natural phosphatases within the digestive process capable of cleaving 
at these sites. Additionally, the slight spot picked up by the Dittmer-
Lester dye in Figure 2 indicates the presence of a phospholipid that 
was undetected in control fecal extracts. This also might represent a 
phospho-fragment of the lipid. 
At this point the fate of the lipid in digestion is only specula-
tive. A clearer understanding could be obtained using label studies 
where markers on the lipid could be followed. 
Table 8. Results of maximum dosage feeding trial of the lipid in vegetable oil administered to laboratory 
mice 
Animal identitz::: Observations followed administration 
Sex Dosage Animal appearance & behavior Feces 
Females 
800 mg/kg Normal throughout observation Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
Males 
800 mg/kg Normal throughout observation . Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
800 mg/kg Normal throughout observation Solid throughout observation 
/ 800 mg/kg Normal throughout observation Solid throughout observation 
Figure 1. Chromatogram of fecal 
extracts using 
Rhodamine 6-G for 
fluorescent visualization 
of lipid components. 
The barium salt of the 
purified lipid was 
spotted at A. Total 
lipid extract from feces 
collected prior to 
lipid administration 
was spotted at B with 
that extracted from 
feces following 
administration spotted 
at C. Areas visualized 
under U.V. light are 
represented within the 
broken lines with areas 
within solid lines 
designating those 
containing the visible 
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Figure 2. Chromatogram of fecal 





The barium salt of the 
purified lipid was 
spotted at A. Total 
extract from feces 
collected prior to 
lipid administration 
was spotted at B, with 
that extracted from 
feces collected followinf 
administration spotted 
at C. Areas visualized 
with the phospholipid 
dye are represented 
within broken lines 
with areas within solid 
lines designating those 
containing the visible 
greenish pigment 
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All animals receiving intraperitoneal injections of the lipid 
survived showing no apparent changes in activity, behavior, physical 
appearance, nor gross indications of internal irritation upon dissection 
comparative with negative controls. Tables 9 and 10 summarize results 
obtained from a pilot test and a final test established with the same 
dose level as the feeding trials. The titration dosages in the pilot 
test indicated that the LD50 for the lipid was greater than 800 mg per 
kg body weight. 
Table 9. Results of broad dosage intraperitoneal administration 














Observations following administration 
Animal appearance and behavior 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
*Moderate swelling at injection site 
Otherwise healthy 
*Slight swelling at injection site 
Otherwise healthy 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
*Swelling subsided within 10 days following administration. 
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Table 10 . Results of maximum dosage intraperitoneal administration 















Observations following administration 
Animal appearance and behavior . 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
Normal throughout observation period 
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SUMMARY 
The purpose of this study was to conduct a preliminary investi-
gation of the unique phosphatidyl glycerophosphate of halophilic 
bacteria with respect to its possible use as a food additive. Working 
quantities of the lipid were obtained from batch cultures of H. halobium 
by methods employed by Kates et al. (1965a) involving precipitation of 
its barium salt from crude lipid extracts obtained from monophasic 
extraction in methanol, chloroform, and water. Identification and 
evaluation of purity was determined with ascending paper chromatography. 
Pure lipid preparations were characterized and melting properties 
were examined . Owing to the surfactant nature of the lipid and its 
possible usefulness as an emulsifier, its hydrophile-lipophile balance 
value (HLB) was determined using a scaled-down approach to the standard 
procedure of Griffin (1949). 
Toxicity evaluations were conducted through oral and intraperitoneal 
administration of dosages up to 800 mg/kg body weight in laboratory mice. 
Although these studies were primarily concerned with acute toxicity, 
feces collected during the feeding trial were examined with crude lipid 
extracts being chromatographed against extracts from normal feces. 
Representatives from optimal dosage groups for both routes were sacri-
ficed and examined for gross internal abnormalities as compared with 
dissected controls. 
Results from this investigation showed the purified lipid to be 
a relatively stable, yellowish brown viscous gum which exhibited unusual 
melting properties within the observed range of -62°C to 86°C. A 
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distinguishable t r ansition from s olid t o liquid phase was lacking with 
the exception of gradual increases in fluidity as it evolved from an 
amorphous solid to a viscous fluid with increasing temperature. The 
lipid was readily soluble in nonpolar solvents with poor to slight 
dispersibility in water. It proved to be an effective emulsifier having 
a determined HLB of 7.3. 
Toxicity studies showed no observable signs of detrimental affects 
resulting from oral and intraperitoneal administration in dosages up to 
800 mg/kg body weight in laboratory mice . Oral dosages of this magni-
tude did not show diarrhetic affects nor alteration in consistency of 
the stool. The intact lipid was not observable in chromatograms of 
fecal extracts but appears to be cleaved by digestive processes--
probably at the phosphate linkages. Additionally, no adverse internal 
abnormalities were observed in dissected test animals as compared with 
negative controls. 
Coupled with these r esults is the underlying emphasis that more 
productive sources must be developed to obtain workable quantities of 
the lipid. The major limitation to this study was the restricting 
amount of lipid. Such pursuit is paramount to subsequent development 
of its usefulness as a food additive. The lipid as an additive appears 
to be safe within the scope of this study, and does have promising 
possibilities as an emulsifier. More intense studies need to be con-
ducted regarding its melting properties and its course through digestion. 
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